• In this study, higher levels of thyrotropin, even within the normal range, indicated a higher risk of differentiated thyroid cancer among patients subjected to fine-needle aspiration biopsy. In practice, when higher levels of thyrotropin are present, it is preferable to perform fine-needle aspiration biopsy on sonographically indeterminate nodules with sizes around the threshold for biopsy, while surgical treatment is favored for indeterminate cytological biopsies. The reference range and serum TSH quartiles were determined according to age-specific values for serum TSH and then compared between the cases with benign thyroid nodular disease and differentiated thyroid carcinoma (DTC) based on surgical pathology reports. Results: Of the 236 patients, 201 (85.1%) underwent a surgical procedure (thyroidectomy) and 89/236 (44.3%) had DTC. The mean TSH concentrations were 2.09 ± 1.15 mU/L in benign patients versus 2.73 ± 1.33 mU/L in cases of DTC (p < 0.01). As TSH increased from quartiles 1 to 4, the frequency of a malignant diagnosis also increased progressively from 22% in quartile 1 to 65% in the last quartile (p ≤ 0.001). Conclusion: Thyrotropin levels were positively associated with the diagnosis of DTC in thyroid nodules.
The reference range and serum TSH quartiles were determined according to age-specific values for serum TSH and then compared between the cases with benign thyroid nodular disease and differentiated thyroid carcinoma (DTC) based on surgical pathology reports. Results: Of the 236 patients, 201 (85.1%) underwent a surgical procedure (thyroidectomy) and 89/236 (44.3%) had DTC. The mean TSH concentrations were 2.09 ± 1.15 mU/L in benign patients versus 2.73 ± 1.33 mU/L in cases of DTC (p < 0.01). As TSH increased from quartiles 1 to 4, the frequency of a malignant diagnosis also increased progressively from 22% in quartile 1 to 65% in the last quartile (p ≤ 0.001). Conclusion: Thyrotropin levels were positively associated with the diagnosis of DTC in thyroid nodules.
Introduction
Thyroid cancer is the most common endocrine malignancy, and its prevalence continues to rise [1] . Differentiated thyroid carcinoma (DTC) accounts for 80-90% of all tumors diagnosed, and it most often occurs as papillary carcinoma followed by follicular thyroid carcinoma [2, 3] . Fine-needle aspiration biopsy (FNAB) is the main diagnostic procedure for distinguishing benign from malignant thyroid disease. This method is the most cost-effective for determining the need for further interventions [4] . The challenge of evaluating a thyroid nodule is to exclude cancer [3, 4] .
In recent studies, it was suggested that a high concentration of thyroid-stimulating hormone (TSH) within the normal range is associated with a diagnosis of thyroid cancer in patients with thyroid nodules [5] [6] [7] . Furthermore, this high level of TSH within the normal range was associated with advanced stages of thyroid cancer [8] . These findings indicated that TSH could play a central role in the development or progression of thyroid carcinomas to a well-established growth factor for thyroid nodules [8, 9] . Equally important is that the use of suppressive doses of thyroxine (T 4 ) has been recognized to positively affect the outcome in treating DTC [9, 10] . Retrospective studies have shown that the degree of TSH suppression is a prognostic determinant of DTC outcome [11] [12] [13] .
Based on these findings, we postulated that the higher rates of malignancy found in patients with high TSH concentrations reflect a tropic effect of TSH on thyroid tissue and contribute to tumor development and carcinogenesis. Hence, the aim of the present study was to evaluate whether or not high TSH levels within the normal reference range can be used as a predictor of malignancy in nodular thyroid disease.
Subjects and Methods

Subjects
This cross-sectional study reviewed data from 236 patients (208 females and 28 males) who underwent FNAB of thyroid nodules at the Clementino Fraga Filho University Hospital between 2011 and 2012. At the time of FNAB, all patients were clinically and biochemically euthyroid (defined as normal serum concentrations of free T 4 [fT 4 ] and TSH). Of the 236 patients subjected to FNAB, 201 (85.1%) underwent surgery. A final histological diagnosis was obtained for all patients who underwent surgery.
The exclusion criteria were a past or present history of thyroid disease, previous thyroid surgery, use of medicines known to possibly interfere with analytical or physiological TSH or fT 4 measurements within the past 3 months (medicines and contrast agents containing iodine in the past 6 months) [14] [15] [16] [17] [18] , the use of antidepressants, and pregnancy. All of the patients selected for this study were previously physically examined, assessed by thyroid ultrasonography (US), and underwent FNAB before the surgical procedure.
Thyroidectomy was performed for patients with malignant, suspicious, or repetitive indeterminate nodules according to the FNAB results. Surgery was indicated for benign disease when local symptoms were present or for aesthetic reasons. The study was approved by the Research Ethics Committee of the Clementino Fraga Filho University Hospital, Federal University of Rio de Janeiro.
Serum Studies
Serum fasting TSH and fT 4 levels were obtained at our institution and measured within 3 months of FNAB using electrochemiluminescence immunoassays. Serum TSH concentrations were measured by an immunometric method. The reference intervals of TSH were specific for each age group based on recent studies, which showed that TSH increases progressively and significantly with age [19] [20] [21] [22] [23] [24] . The reference intervals for each age group were as follows: 6-14 years: 0. The reference intervals for TSH in each age group were divided into quartiles of similar size; we then combined the equivalent quartiles. The goal was to demonstrate the prevalence of malignancy (DTC) in the different quartiles in relation to the TSH values adjusted for age. The serum fT 4 concentration was measured by competitive assays. The reference interval provided by the manufacturer is 0.9-1.7 ng/dL.
Thyroid FNAB and Pathology FNAB was performed for thyroid nodules > 1 or < 1 cm with suspicious US features. Cytological findings were classified according to the Bethesda system as follows: nondiagnostic or unsatisfactory (Bethesda I); benign (Bethesda II); atypical or follicular lesion of undetermined significance (Bethesda III); follicular neoplasm or suspicious for a follicular neoplasm (Bethesda IV); suspicious for malignancy (Bethesda V); and malignant (Bethesda VI).
The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) recommends using 1 of 6 general diagnostic categories for reporting thyroid FNA results. The categories stratify the risk of malignancy and are associated with clinical management guidelines [25] [26] [27] . The final histological results following resection were available for all patients who underwent surgery (n = 201). An experienced pathologist reviewed all of the results to confirm the presence or absence of DTC.
Statistical Analysis
The main diagnostic outcome was defined as the presence or absence of malignancy (thyroid cancer) based on histopathology. The evaluation of the Bethesda categories was also included in the analysis. The influence of different factors on the final diagnostic outcome was investigated statistically, including age, gender, and serum TSH concentration. The survey of the prevalence of malignancy in the different TSH quartiles enabled judgments to be made on the validity of including TSH as a continuous variable.
All of the continuous variables were expressed as the median ± SD or median and interquartile range (25th-75th percentiles).
Results
The mean age of the patients was 50.0 ± 15.6 (range 13-67) years for females and 52.6 ± 10.4 (range 67-79) years for males. The mean serum TSH of the patients was 2.32 ± 1.27 (0.3-5.8) μIU/mL. The cytological findings of the 236 nodules biopsied were classified according to the Bethesda system. Among these, there were 58 (24.6%) classified as Bethesda I, 86 (36.5%) as Bethesda II, 20 (8.4%) as Bethesda III, 9 (3.8%) as Bethesda IV, 46 (19.5%) as Bethesda V, and 17 (7.2%) as Bethesda VI. In categories III, IV, V, and VI, 100% of the patients underwent surgery (Fig. 1) . Table 1 shows the frequencies of TSH quartiles among each group according to the Bethesda category of thyroid nodules, and Figure 2 shows the frequencies of the 3 most important Bethesda categories (benign, indeterminate, and suspect/malignant) according to each quartile. A minority of patients with benign categories had serum TSH concentrations in the highest quartile. A majority of patients with malignant cytology (Bethesda VI) had serum TSH concentrations at the highest levels ( Table 1) . As shown in Figure 2 , the patients with the highest quartile had a higher frequency (p = 0.003) of suspicious or malignant cytology (Bethesda V or VI). When evaluating patients in the lowest quartile, a higher frequency of benign cytology (Bethesda II) was detected, but the difference was not statistically significant.
Of the 201 patients who underwent surgery, 112 (55.72%) were diagnosed with benign thyroid nodular disease, and the remaining 89 (44.28%) had DTC. The median TSH concentrations were 1.90 ± 1.15 mU/L in the 112 patients with no evidence of malignancy and 2.49 ± 1.33 mU/L in the group of 89 patients with DTC ( Fig. 3 ; p < 0.001). Analysis of the median TSH showed that there Bethesda system -cytological diagnostic category from fine-needle aspiration biopsy (FNAB) of thyroid nodules: Bethesda I, nondiagnostic or unsatisfactory; Bethesda II, benign; Bethesda III, atypia of indeterminate significance or follicular lesion of indeterminate significance; Bethesda IV, follicular neoplasm or suspicious for follicular neoplasm; Bethesda V, suspicious for malignancy; Bethesda VI, malignant. p < 0.001 in the comparison of all categories. were significantly higher TSH levels in the group with confirmed malignant disease (Fig. 3) . The patients with a serum TSH level within the normal range were divided into 4 quartiles of similar size according to their TSH values. The prevalence of DTC according to serum TSH increased in the highest quartile of serum TSH, which indicates an increased prevalence of malignancy in those with higher TSH levels (Fig. 4) .
Discussion
This is the first study to evaluate the association between quartiles of normal serum TSH with adjustment for age and the prevalence of differentiated thyroid carcinoma. Our results showed a statistically significant difference between the frequencies of malignancy among the highest quartile of TSH (65%) compared to patients in the lowest quartile (22%). These data are in accordance with previously published data [5] [6] [7] [8] , but we used quartiles adjusted for age, which is important since many recent studies show that TSH increases progressively and significantly with increasing age [20] [21] [22] [23] [24] . Thus, the TSH values were divided into quartiles of similar size in each age group, and equivalent quartiles were combined. Boelaert et al. [5] were the first to report that serum TSH concentrations could be an independent predictor of thyroid malignancy in thyroid nodules that are investigated by FNA. They found that the risk of DTC diagnosis increases with serum TSH levels. Moreover, they derived a formula for the risk of malignancy based on the TSH level. However, we do not recommend this formula as in our study the cutoff point for each quartile was adjusted for age.
The hypothesis that TSH may be involved in the progression of DTC is supported by the observation that higher levels of TSH are associated with a more advanced stage of cancer, as reported by Haymart et al. [8] . In contrast, Shi et al. [28] reported that serum TSH is not a good risk predictor of differentiated thyroid microcarcinomas because an elevated TSH level may be related to an advanced stage of thyroid cancer progression but not with the development of thyroid cancer. Two reports demonstrated that a higher preoperative serum TSH was not only associated with the risk of DTC but also with a more advanced stage of cancer at the time of diagnosis [8, 29] . The role of the TSH level in the development and progression of thyroid cancer remains controversial. McLeod et al. [30] addressed this issue in a meta-analysis and suggested that there are no powerful prospective studies to support the idea that TSH induces thyroid cancer or that it promotes the growth of preexisting neoplasia. As our study is a cross-sectional analysis, we can only speculate about the positive association between TSH levels and the presence of DTC, which is confirmed by their meta-analysis, where a high TSH level within the normal range is suggested to be an unrecognized risk factor for DTC.
Jonklaas et al. [6] reported that this association remained in a strictly euthyroid population of 50 patients who underwent thyroid surgery for nodular thyroid disease (after excluding subclinical hypo-and hyperthyroidism cases). Polyzos et al. [7] confirmed that TSH levels are predictive of malignancy within a normal range only because they did not find this association in patients with subclinical hypothyroidism. As our sample had only euthyroid patients without any thyroxine replacement, the influence of subclinical dysfunction was not the object of our analysis.
Another hallmark is the evaluation of histopathology and not solely cytology. Few studies have attempted to integrate laboratory parameters systematically with the results of FNAB for the process of determining whether patients need surgery. Importantly, the diagnoses of DTC or benign thyroid disease in our sample were based on surgical pathological results, which increase the power of the association with DTC in our data.
Considering the measurement of serum TSH, which is a highly sensitive determinant of thyroid dysfunction, its evaluation is recommended as a biochemical test in the initial evaluation of patients presenting with thyroid nodules [4, 31] . Our analysis demonstrates that the serum TSH concentration, even when it is within the normal range, can be used as an additional parameter to indicate a higher risk for the presence of thyroid malignancy when examining thyroid nodules. However, we could not determine any specific cutoff of TSH for the risk of DTC due to age adjustments for normal TSH values and the different quartiles that result. Nevertheless, an important practical implication, especially for general clinicians, may be the indication of cytological evaluation for nodules with sizes around the threshold for biopsy when TSH is high in the normal range. Equally important is the indication for surgery for an indeterminate cytology using higher normal TSH as another risk factor for malignancy.
One limitation of the present study is the absence of information about thyroid antibodies and the use of single TSH measurements. Notably, all patients had serum TSH levels in the respective reference range according to their age group.
Conclusion
In this study, a significant difference was confirmed between serum thyrotropin levels in patients with DTC and benign thyroid nodular disease. These observations could be relevant for the inclusion of thyroid function as a clinical parameter to be considered as a risk factor for DTC in patients with nodular thyroid diseases.
